Supplemental Figures
. Related to Experimental Procedures: A. Distribution of best BLAST hits to the wcfR gene of B. fragilis 9343 across 8024 genomes. The x axis represents the coefficient of the e-value of BLAST hits to wcfR (e.g. "10" represents is 1e -10 .) Our threshold for orthology to wcfR is indicated at an e-value of 1e -90 and the location of the second best hit in B. fragilis to a wcfR homologue is shown (3e -48 ). B. Amplification of cDNA from bacterial cultures with wcfR-specific primers to verify the expression of the wcfR gene in the growth conditions employed. Table S1 . . Genes labeled GT represent glycosyltransferases. Gene homologues to genes in the PSA operon of B. fragilis are noted with their e-value in parentheses. Genes that are conserved across ZPS operons are also named and correspond to the Heatmap in Figure S2 and (Baldassarri et al. 1989) ) with red arrows pointing to putative outer membrane vesicles that are morphologically similar to B. outer membrane vesicles shown to contain PSA in B. fragilis (reprinted with permission from (Shen et al. 2012) ). 
Supplemental Experimental Procedures

ZPS Operon Identification
The faa and frn files of 2659 complete and 5406 draft genomes were downloaded from the NCBI FTP server in September of 2013. A BLASTP search of the PSA operon of B. fragilis NCTC 9343 against the entire collection of genomes was conducted (Altschul et al. 1997) . Genomes with a BLAST hit to the wcfR gene with an e-value < 1e -90 were selected for further scrutiny. This threshold was based on the observation of a bi-modal distribution of hits to B. fragilis wcfR, with the B. fragilis wcfR homologue DegT in the lower distribution ( Figure S1a ). The proximity of wcfR, wcfS, upaY, and upaZ gene homologues on genomic contigs were next determined using custom code.
In order to characterize the operon gene membership, genes located between upaY,/upaZ regulators and wcfr/wcfs gene homologues were considered to be a part of the operon. In the PSA operon, these genes define the operon's beginning and end. In order to determine whether the operon extended beyond the wcfr/wcfs gene homologues, the genomic region between the upaY,/upaZ regulatory genes through 20 genes past wcfs/wcfr were run through the DOOR2 operon prediction program (Mao et al. 2014) . Resulting operon gene lists thus sometimes included genes that were located after wcfs/wcfr gene homologues based on DOOR2 results.
To group the identified genes into families, pairwise BLAST searches between all genes were conducted. Genes were joined with an edge in a network if the pairwise BLAST search for the pair had a bit score of >50. A k-clique percolation method (Palla et al. 2005) as implemented in Networkx was used to define gene families as network modules. To relate operons based on their gene content, modules with at least 4 elements were retained and used to make a matrix with gene families as rows and with putative AATGal-ZPS operons as columns. The binary distance between operon gene content was calculated based on the Jaccard index using the QIIME software package (Caporaso, Kuczynski, et al. 2010 ).
Phylogenetic tree construction
To make the phylogenetic tree of wcfR (Fig. 2) , the median length for the genes with BLAST hits to wcfR with an e-value less than 10 -90 was determined and all genes whose length fell within 90% of the median were aligned with muscle using default parameters (Edgar 2004 ). Subsequently a tree was constructed using Phylip Neighbor Joining (Felsenstein 1989) .
To make 16S ribosomal RNA (rRNA) phylogenetic trees representing surveyed bacteria in the Bacteroidales and Erysipelotrichales orders, we first assigned taxonomy to all 16S ribosomal RNA (rRNA) genes from the collection of genomes by the uclust algorithm (Edgar 2010) against the greengenes database from May of 2013 (DeSantis et al. 2006 ) using the QIIME assign_taxonomy.py program (Caporaso, Kuczynski, et al. 2010) . The 16S rRNA genes assigned to the orders Bacteroidales and Erysipelotrichales were extracted and all genes shorter than 1,300 base pairs were discarded. Of the remaining genes, the longest 16S rRNA gene from each genome was used for phylogenetic construction. For each order, an outgroup was added (Halobacteroides halobius for the Erysipelotrichales and a Flavobacteria for the Bacteroidales). The 16S rRNA sequences were aligned against the QIIME core.set.imputed alignment using PyNAST ). The alignment was filtered against the QIIME lane_mask_in_1's_and_0's, and trimmed so that each sequence began and ended at the same base (Caporaso, Kuczynski, et al. 2010) . Trees for both orders were constructed using Phylip Neighbor Joining (Felsenstein 1989 ).
Growth of isolates and lysate preparation
Isolates were purchased from the ATCC or DSMZ and grown in rich media depending on their preferences including either 1) Mega Media (Goodman et al. 2011 ) 2) PYG (DSMZ 104) or 3) BHI (Lee et al. 2013) . When robust culture growth was observed (typically after 18-36 hours depending on the bacteria), liquid cultures were centrifuged at 2500 rpm for 10 minutes. Supernatant was removed and the pellet was resuspended in PBS and frozen at -80 o C. Resuspended bacteria were subjected to freeze/thaw or heat killing before being used in immune stimulations. Since immune stimulations with heat killed compared to freeze/thaw lysates resulted in no differences (data not shown), all reported stimulations were done with freeze/thaw lysates in order to avoid protein denaturing.
To determine whether wcfR was being expressed under the growth conditions employed, we designed primers that specifically amplified the wcfR gene using PrimerProspector software (Walters et al. 2011) . Because it was difficult to design primers that amplified all wcfR genes within our e -90 BLAST threshold and not other homologues of wcfR, we developed a primer set that exclusively amplified most wcfR genes in the Bacteroides genus, and in this case was used to verify the presence of wcfR mRNA in cultures of B. cellulosilyticus, B. fragilis WT, and B. uniformis. As negative controls, we attempted to amplify from B. fragilis Δ PSA, and B. intestinalis. The sequences of this primer set are: Forward primer: 5-GGR CGY ATC YTK GTG ATG AA -3, Reverse primer: 5-CCG ACA ATR TCA TAA CGC CA -3. RNA was extracted from bacterial cultures using the PureLink RNA Mini Kit from Life technologies. RNA was reverse transcribed to cDNA using Thermoscript RT-PCR system from Invitrogen. Standard PCR was then performed on cDNA to amplify wcfR in various bacterial strains ( Figure  S1b ).
Generating wcfR knockouts
The B. cellulosilyticus∆ZPS1 strain was developed using the pKNOCK-bla-ermGb vector to disrupt wcfR via targeted insertional mutagenesis as previously described (Alexeyev 1999) . Briefly, a 207 base pair internal fragment of the target gene, wcfR, was first amplified using the following primers; which also encoded a Sal1 or Kpn1 restriction site respectively (Forward Sal-1 ACGCGTCGACTGCGGGTGCAAAGCCTGTTATG, Reverse KPN-1 CGGGGTACCTCCTGTACCAATGAGTCGC). The resulting amplicon was digested and ligated into the pKNOCK-bla-ermGb vector, which was then electroporated into Escherichia coli S17-1 lambda pir. Conjugation and plasmid transfer into B. cellulosilyticus from E. coli S17-1 lambda pir was then initiated by co-culture of the two bacteria on BHI blood agar plates under aerobic conditions for 36 hours, as the E. coli growth becomes dense the conditions become more anaerobic facilitating conjugation and growth of transformed Bacteroides. Disruption of the wcfR gene occurs via insertion of the pKNOCK plasmid by homologous recombination. Insertion of the pKNOCK plasmid confers ampicillin and erythromycin resistance, which allowed for selection of wcfR knock-outs by growth in media containing 50ug/mL of erythromycin. Successful disruption of wcfR was confirmed by attempting to amplify with primers within the wcfR gene that flank the insertion site using the following primers: Forward GAG TAA CAG CTG AAG ATG AAG TG Reverse AAA CAG GTT GCG TAT]. Because B. cellulosilyticus DSM 14848 has 2 highly related copies of wcfR, we selected primers that were specific to one copy and not the other. We also confirmed that the mRNA of only one copy of wcfR was being made using PCR with wcfR targeted primers and Sanger sequencing.
Immune Assays
Human PBMCs were isolated by Ficol gradient centrifugation as previously described (Chain et al. 2013; Kassu et al. 2010; Neff et al. 2015) from the blood of 13 normal individuals. Informed consent was obtained and the study protocol was approved by the Colorado Multiple Institutional Review Board (COMIRB #14-1595). PBMCs were cultured with 10 µg freeze killed bacterial lysate for 3 days at 37°C. Six and 10-day stimulations were also performed and had similar results to those of 3-day stimulations (data not shown). Stimulations were performed in the presence of Streptomycin and Penicillin and in aerobic conditions and no bacterial growth was observed in the cell cultures. Unlike in the assays conducted by Kreisman and Cobb (Kreisman and Cobb 2011) in human PBMC, our stimulations were conducted in absence of exogenous IL-2; the IL-2 receptor CD25, is upregulated in the presence of IL-2, which could compromise our Treg staining.
To quantify cytokine secretion after 3-day stimulations with bacterial lysates, supernatant was collected and subjected to ELISA Ready Set Go! (eBioscience) following manufacture's instructions. Specifically, human IL-6, IL-10, IL-17, IL-22 or TNF-α ELISA Ready-SET-GO! Kits (eBioscience) were used. ELISA plates were coated overnight with the specific capture antibody, then washed and blocked with assay diluent for 30 minutes. 100 µl of supernatant from three day stimulations with bacterial lysate was evaluated for cytokine as per instructions supplied in the kit. To enumerate Tregs, cells were washed with staining buffer containing PBS, 2% BSA, 2 mM EDTA and 0.09% NaN 3 and surface staining was performed with BV605-labelled anti-CD3 antibody (BioLegend), PerCP/Cy5.5-labelled anti-CD4 (BioLegend), Alexa405-labelled anti-CD8 antibody (Invitrogen), APC-Cy7-labeled anti-CD25 (BD Biosciences) and FITC-labeled anti-CD127 (BioLegend). Intracellular staining for PE-labeled anti-FoxP3 antibody (eBioscience), APC-labeled anti-CTLA-4 antibody (BD Biosciences), was performed using the FoxP3 staining buffer set (eBioscience).
ICCS was used to determine IL-10+ cells. Briefly, PBMC was cultured with bacteria lysate for 24 hours. Monensin was added 20 hours after the addition of bacterial lysate. Cells were then subjected to surface staining and fixed as above and permeabilized using Fix and Perm (Lifetechnologies) for 30 minutes. Pre-labeled anti-IL-10 was added to cells and stained overnight at 4°C. Cells were washed 2 times and enumerated with a LSR II (BD Biosciences) and data were analyzed using FlowJo software (Treestar).
To rule out if induced IL-10 production and Tregs were due to restimulation of memory T cells, CD14+ monocytes were isolated by magnetic bead selection (Miltenyi Biotec), plated, stimulated with bacterial lysate for 4 hours and washed twice with PBS. Naïve T cells were negatively selected by magnetic beads (Miltenyi Biotec) and were added to the bacterial stimulated APCs. After three days supernatant was collected and subjected to IL-10 ELISA and cells were enumerated for Tregs as above.
Isolation of intestinal lamina propria lymphocytes and flow cytometry
Resected gut tissue of jejunum, duodenum and colon were obtained from patients undergoing elective abdominal surgery. All patients signed a release to allow the unrestricted use of discarded tissues for research purposes and all protected patient information was de-identified to the laboratory investigators. Tissues were opened longitudinally, and trimmed of excess fat, the mucosal layer and extraneous material, such as stitched portions, damaged tissues or connective tissues. Gut tissue was then washed with PBS supplemented with the antibiotics Streptomycin, Penicillin, and Amphotericin B and incubated at 37°C with PBS containing 1 mM EDTA for 2 cycles of 45 minutes to remove epithelial cells. The lamina propria layers were cut into 1 gram pieces and incubated while shaking with AIMS V media containing antibiotics, 0.5 mg collagenase D and 10 µg DNase I for 3 cycles of 45 minutes at 37 °C. The digested tissues were collected and washed with PBS and resuspended in RPMI1650 containing 10% human serum and overlaid on 15 ml of 60% Percoll in a 50-ml Flacon tube. Percoll gradient separation was performed by centrifugation at 800 g for 20 min. The lamina propria lymphocytes were collected from the interface of the Percoll gradient and suspended in ice-cold PBS. For analysis of Treg cells, isolated lymphocytes were labeled with the LIVE/DEAD fixable dead cell stain kit (Invitrogen) to exclude dead cells from the analysis. The cells were washed with staining buffer, then surface and intracellular staining was performed as above with Pe-Cy7-labeled anti-CD45. Cells were washed 2 times and enumerated with a LSR II (BD Biosciences) analyzed using FlowJo software (Treestar).
Murine TNBS Colitis Model
In two separate trials, female C57/Bl6 mice aged 8 -12 weeks were gavaged with 5.0 x 10 8 bacterial cells in a 200 µL volume of PBS (as determined by plate count of fresh culture) or control 200 µL of PBS only on days 0, 7, and 14. The first trial used 5 mice per treatment group and the second used 10, although there was some attrition due to factors such as perforations during the TNBS enema in each case. Mice were cohoused prior to the intervention, and then housed in separate cages once the treatments began to prevent transmission of the introduced bacteria between mice. Mice were anesthetized, shaved and skin painted with 100µl of 1% TNBS in 100% EtOH on day 7. On day 14 mice received a rectal enema of 2.5% TNBS in 40% EtOH (5µl/g body weight). Body weight was recorded daily and mice were euthanized once the first animal reached 85% of initial weight in accordance with institutional guidelines. Colonic tissue was excised, opened along the mesentery by blunt dissection and rinsed of luminal content. Tissue was fixed in 10% formalin for histological assessment of disease or digested as previously described (Collins et al. 2013) . Histological inflammatory index scores were assigned by a trained pathologist in a blinded fashion. Cells isolated from the colonic lamina propria were stained for CD4 (BioLegend), CD25 (Biolegend), LIVE/DEAD fixable dye (Invitrogen) and FoxP3 (Biolegend) using the FoxP3 staining kit (eBioscience) according to manufacturer's instructions. Data was acquired on a BD FACSCantoII and analyzed using FlowJo software. Statistical analysis was performed using GraphPad Prism. These experiments were approved by IACUC (B-104413(12)1E).
